RSPT 2350 - Module G - PaCO2 and Alveolar Ventilation

1. The adequacy of ventilation is reflected by:

A. PaCO2 

B. Alveolar minute ventilation


2. PaCO2 represents the respiratory component of the acid-base balance in the body.


3. PaCO2 greater than 45 mm Hg is termed hypercapnia or hypercarbia and results from hypoventilation.


4. PaCO2 between 35 – 45 mm Hg is termed eucapnia and represents normal ventilation.


5. PaCO2 less than 35 mm Hg is termed hypocapnia or hypocarbia and results from hyperventilation.


6. 
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7. Alveolar ventilation  =  (Vt - Vd) x f


A. Vd represents the physiologic deadspace (total amount)

B. Alveolar ventilation  =  
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8. The relationship between PaCO2 and Alveolar ventilation is inverse.


A. ( Alveolar Minute Ventilation (
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B. ( Alveolar Minute Ventilation (
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9. The only physiologic reason for elevated PaCO2 is a level of alveolar ventilation inadequate for the amount of CO2 produced and delivered to the lungs.   Increased CO2 production is usually not a problem for normal lungs.  


10. When you are exercising and below the point of anaerobic threshold, 
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 goes up owing to exercising muscles but PaCO2 stays in the normal range.  Alveolar ventilation rises -proportionally to the rise in 
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.  In extreme exercise, once you pass the anaerobic threshold, PaCO2 falls as compensation for the developing lactic acidosis. 


11. An elevated PaCO2 level is caused by one of the following:

A. Inadequate 
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 caused from:

I. Decreased Compliance (Cst)
II. Increased Airway Resistance (Raw)

III. CNS depression

a. Central

b. Peripheral

B. Increased
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:  Too much of the 
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 such as  in COPD or when breathing is rapid and shallow (restrictive diseases such as pulmonary fibrosis).

C. Increased production of CO2 (patient in control mode on ventilator with seizures or hyperthermia).

D. A combination of A, B & C (a COPD patient becomes fatigued)
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12. Deadspace
A. Calculated by the Bohr Equation
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B. Physiologic Deadspace
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 Expressed as a volume in L or mL

I. Physiologic deadspace is made up of: 

a. Anatomic

b. Mechanical

c. Alveolar Deadspace

C. At the bedside: 

I. An ( in the PaCO2- PETCO2 gradient, implies (Vd or 

a. An (
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 with a normal or high PaCO2 implies (Vd
i. 20-20 rule

(i) A 
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 of 5 L/min will yield a PaCO2 of 40 torr.

(ii) A 
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 of 10 L/min will yield a PaCO2 of 30.

(iii) A 
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 of 20 L/min will yield a PaCO2 of 20. (Quadrupling minute ventilation will halve PaCO2). 

ii. A reduction in cardiac output.  During cardiac arrest (no perfusion) end-tidal values fall to zero!

13. CO2 Production
A. Normally dependent on type of foodstuff being metabolized (carbohydrates, fats, proteins)

B. Carbohydrate metabolism produces more CO2 (RQ of 1.0) than fat or protein metabolism (RQ between 0.7 and 0.8).

C. It is effected directly by body temperature, 

I. Increased temperature, increased metabolism.

II. Decreased temperature, decreased metabolism.

III. It increases with exercise, burns, TPN therapy, and sepsis.

D. PaCO2 may rise after administration of NaHCO3 administration in patients unable to increase their alveolar minute ventilation.

E. If a patient is unable to increase ventilation, then the clinician should try to minimize CO2 loading in the blood or provide ventilatory support.

F. A decreased CO2 production is seen with hypothermia, paralysis.

14. The relationship of PaCO2 to other ABG parameter

A. Remember that a rising PaCO2 will always result in a decreased PaO2 unless you are giving the patient supplemental oxygen.
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AND

B. A rising PaCO2 will result in a lowering of the pH.

C. Over time, the HCO3- will attempt to compensate and the pH will increase towards normal.
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AND

D. A rising PaCO2 will result from increased CO2 production or decreased 
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15. Carbon Dioxide Transport
A. CO2 production

I. The tissue cells produce 200 mL of CO2 each minute from catabolism of carbohydrates, fats & proteins.

B. CO2 Transport

I. The CO2 is transported from the tissue cells to the lungs by six different mechanisms

a. Three in the plasma 

i. Carbamino Compound (bound to protein)

(i) 1% of the CO2 that dissolved in the plasma chemically combines with free amino groups of protein molecules and forms carbamino compounds.
ii. Bicarbonate

(i) 5% of the CO2 that dissolves in the plasma ionizes as bicarbonate (HCO3-).

(ii) CO2 combines with water in a process called hydrolysis.  The hydrolysis of CO2 and water forms carbonic acid (H2CO3) which in turn rapidly ionizes into HCO3- and H+ ions.

(iii) CO2 + H2O  H2CO3  HCO3- + H
iii. Dissolved CO2
(i) 5% of the total CO2 

(ii) This is measured by PCO2
(iii) To change the amount of carbon dioxide from partial pressure to mEq/L multiply the PaCO2 by 0.03.

· 40 mm Hg  x  0.03  =  1.2 mEq/L

b. Three in the RBC

i. Dissolved CO2
(i) 5% of the total CO2 is dissolved in the intracellular fluid of RBC.

ii. Carbamino Hb

(i) 21% of the CO2 combines with the RBC Hb to form a compound called carbamino Hb

(ii) CO2 + HbO2  HbCO2 +O2
iii. Bicarbonate

(i) 63% or 2/3 of the total CO2 is transported from the tissue cells to the lung in the form of bicarbonate (HCO3).
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II. Carbonic Acid

a. H2CO3 is a volatile acid
b. Volatile acids are those acids that can be converted from a liquid to a gaseous form to facilitate excretion.  H2CO3 is the only volatile acid excreted by the lungs.

c. This reaction, which is normally very slow in the plasma, is greatly enhanced in the RBC by the enzyme carbonic anhydrase (CA). 

d. The resulting H+ ions are buffered by the reduced hemoglobin (see ii above).

e. The rapid hydrolysis of CO2 causes the RBC to become saturated with HCO3- ions.  To maintain a concentration equilibrium between the RBC and plasma, the excess HCO3- ions diffuse out of the RBC. 

f. Once in the plasma, the HCO3 combines with sodium (Na+) which is normally in the plasma in the form of NaCl.  The HCO3- is then transported to the lungs as NaHCO3 in the plasma of the venous blood.

g. As HCO3- moves out of the RBC, the Cl- (which has been liberated from the NaCl) moves into the RBC to maintain electric neutrality.  This movement is known as the Chloride Shift or Hamburger phenomenon. 

h. In the plasma, the ratio of HCO3- and H2CO3 is normally maintained at 20:1.  This 20:1 ratio keeps the blood pH within the normal range of 7.35 to 7.45.  The pH of the blood becomes more alkaline as the ratio increases and less alkaline as the ratio decreases.  
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i. HCO3-:PaCO2 ratio greater than 20 indicates an alkalosis.

ii. HCO3-: PaCO2 ratio less than 20 indicates an acidosis.

16. Total CO2
A. Total CO2 is the sum of the HCO3- + PaCO2 measured in mEq/L

I. Total CO2  =  24 mEq/L  +  1.2 mEq/L (40 mm Hg  x  0.03) = 25.2 mEq/L

17. CO2 Dissociation Curve

A. The CO2 dissociation Curve is almost linear in comparison with the S-shaped Oxyhemoglobin dissociation curve. This means that in comparison to the oxygen dissociation curve, there is a more direct relationship between the partial pressure of carbon dioxide (PCO2) and the total amount of carbon dioxide in the blood (CO2 Content).

B. For example, when the PaCO2 increases from 40 to 46 mm Hg between arterial and venous blood, the CO2 content increases by 5 vol%.  The same partial pressure change of oxygen would increase the oxygen content by about 2 vol%.

C. The level of oxygen also affects the CO2 dissociation curve.  When the Hb is 97% saturated with O2, there is less CO2 content for any given PCO2 than if the Hb is 75% saturated.  The affect of oxygen on the dissociation curve is called the Haldane Effect.  Deoxygenated blood enhances the loading of CO2 and oxygenated blood enhances the unloading of CO2.  

18. Effects of PaCO2 Change on HCO3-
A. HCO3- increases 1 mEq/L for every 10 mm Hg rise in PaCO2
B. HCO3- decreases 1 mEq/L for every 5 mm Hg drop in PaCO2
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I. Examples:

a. If PaCO2 acutely rises to 80 mm Hg, HCO3- will rise to 28 mEq/L.

b. If PaCO2 acutely decreases to  20 mm Hg, HCO3- will decrease to 20 mEq/L.

19. Problems
A. Given a fixed alveolar ventilation of 4 L/min, calculate the PaCO2 when the CO2 production is 300 mL/min.




B. Given a fixed alveolar ventilation of 4 L/min, calculate the PaCO2 when the CO2 production is 400 mL/min.




C. For each of the following conditions, state if the PaCO2 – PETCO2 difference should be normal/near normal or widened.


I. A 64 year old female with pulmonary edema


II. A 35 year old women with normal lungs who is hyperventilating


III. A 24 year old man with right lower lobe pneumonia


IV. A 42 year old woman with pulmonary embolism


V. A 78 year old man with hypovolemic shock


VI. A 30 year old man with normal lungs, exercising on a treadmill at 5 mph for 10 min


D. Given a Vt of 400 mL, physiologic Vd of 200 mL and a f of 16/min, calculate the alveolar minute ventilation (
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E. Given a 
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 of 10 L/min, and a 
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 of 4 L/min, calculate the 
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F. Given a 
[image: image30.wmf]E

V

&

 of 12 L/min, f of 20/min, and a physiologic Vd of 120 mL, calculate the alveolar minute ventilation (
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20. Case Study
An intern is called to the hospital bedside of an elderly woman late at night.  The patient was admitted to the hospital 3 days earlier for a problem unrelated to her heart or lungs.  She is anxious and complains of shortness of breath.  Her lung fields are clear to auscultation and vital signs are normal except for slight tachycardia and a respiratory rate of 30/min.  A nurse comments that the patient “gets like this every night.”  The physician orders an anti-anxiety drug for what he describes as hyperventilation and anxiety.  About 30 minutes later, the patient’s breathing slows considerably and she becomes cyanotic whereby she is intubated and transferred to the intensive care unit.  What would you guess this patient’s blood gas values were before she received the anti-anxiety drug?

A. PaCO2 = 32 mm Hg, PaO2 70 mm Hg
B. PaCO2 = 43 mm Hg, PaO2 80 mm Hg
C. PaCO2 = 58 mm Hg, PaO2 62 mm Hg
Discussion:  The intern mistakenly suspected that the patient was hyperventilating without reference to an ABG.  He assumed she was hyperventilating because she was breathing fast.  In reality, the patient was hypoventilating and hypoxemic.  She had undiagnosed COPD and chronic hypercapnia.  By giving an anti-anxiety agent, she decreased her alveolar ventilation, which resulted in a rise in PaCO2 and a decrease in PaO2.  Narcotics, sedatives/anti-anxiety agents should be given with caution to any spontaneously breathing patient with airway disease (COPD) or neuromuscular disease COPD since these drugs can depress respiration.

21. Rules for Approaching ABG interpretation

A. Interpret the ABG
I. Use previous ABG results to help you.

II. Is it respiratory or metabolic? (If it is metabolic you will need to correct it as a component of management).

III. Is the patient on a ventilator? (ABG analysis can be misleading if the patient is on the ventilator).


B. Does the CO2 need to be corrected?
I. Do not correct PaCO2 if the respiratory system is compensating for a metabolic problem.

II. Do not correct the PaCO2 if the pH is normal.

III. Do not correct a low PaCO2 if the patient has a head injury and you are trying to reduce cerebral edema.  NOTE: Attempts to reduce cerebral edema should only be done with ICP monitoring and only work for a short period.  Additionally, assessment of the reduced oxygenation of cerebral tissue should be balanced against the desire to reduce swelling.

IV. Is the patient hyperventilating because of hypoxemia/hypoxia?  If so, correct the hypoxia/hypoxemia.

V. How much should the PaCO2 be corrected?  You cannot correct a PaCO2 to 40 mm Hg if the metabolic system is trying to compensate and the HCO3- is high or low.  Calculate the level to which the PaCO2 should be corrected.

C. How am I going to accomplish correcting the PaCO2?

I. If the patient is on a ventilator, what ventilator changes can be made

a. Correcting a respiratory acidosis or alkalosis (“known” may be substituted for the word “Actual”) 
Actual PaCO2 x Actual 
[image: image32.wmf]E

V

&

 = Desired PaCO2 x Desired 
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OR
Actual PaCO2 x Actual Vt = Desired PaCO2 x Desired Vt (assuming f does not change) 
OR
Actual PaCO2 x Actual f = Desired PaCO2 x Desired f (assuming Vt does not change)

D. Example 1

A patient with respiratory acidosis on mechanical ventilatory support is 6’2” and weighs 190 lbs.  The Exhaled Vt is 400 mL, and the f is 10/min.  The patient is on controlled volume ventilation.  The PaCO2 is 60 mm Hg, pH 7.33.  The patient’s desired PaCO2 is 40 mm Hg.  What ventilator change must be made to decrease the PaCO2?  The doctor asks you to increase the Vt to correct the PaCO2 to 40 mm Hg.

Actual PaCO2 x Actual Vt = Desired PaCO2 x Desired Vt
60 mm Hg x 400 mL = 40 mm Hg x
(?)

2400ml*mm Hg=40 mm Hg x (?)
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E. Example 2

A woman who is 5’2” is on controlled ventilation.  She has a PaCO2 of 58 mm Hg; pH is 7.28, Vt 625 mL, and a f of 7/min.  Plateau pressure is measured as 30 cm H2O.  How can a desired PaCO2 of 40 mm Hg be achieved? (IBW is 52 kg)

Actual PaCO2 x Actual f = Desired PaCO2 x Desired f
58 mm Hg x 7/min = 40 mm Hg x (?)
406 mmHg * breaths/min =
40 mm Hg x (?)
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F. Example 3

A patient has a pH of 7.66, PaCO2 20 mm Hg, HCO3- 22 mEq/L, PaO2 89 mm Hg on FIO2 of 40% is being ventilated in the control mode with no spontaneous breaths and a Vt of 700 mL, f of 18/min.  The doctor asks you to correct the pH and PaCO2.  

Actual PaCO2
x Actual f = Desired PaCO2 x Desired f
20 mm Hg x 18/min = 40 mm Hg x (?)
360 mmHg * breaths/min =
40 mm Hg x (?)
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G. Example 4


You are ventilating a patient on the Servo ventilator.  The 
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 is set at 7 L/min and f at 12/min on A/C volume ventilation.  The pH 7.29, PaCO2 60 mm Hg, HCO3- is 28 mEq/L, the PaO2 89 mmHg and the FIO2 .40.  Which ventilator change would you make to restore the PaCO2 to normal?

Actual PaCO2 
x Actual 
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 = Desired PaCO2 x Desired 
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60 mm Hg x 7 L/min
= 40 mm Hg
x (?)
420 mm Hg* L/min = 40 mm Hg x (?)

[image: image40.wmf]E

V

 

Desired

 

is

 

/min

 

5

10

40

420

&

L

.

=




H. Example 5


You are ventilating a patient in A/C mode with a Vt of 600 mL, f 12/min, FIO2 50%, Peak flowrate 60 L/min.  The PaCO2 is 60 mm Hg, HCO3- 35, pH 7.39, PaO2  88 mm Hg.  What ventilator change would you recommend?


a. Increase the Vt to 800 mL

b. Increase the f to 16/min

c. Decrease the f to 8/min

d. Increase the FIO2 to 60%

e. Maintain current settings


I. Example 6

You are ventilating an 18-year old male patient with a closed head injury from an automobile accident.  The ph is 7.53, PaCO2 25 mm Hg, HCO3- 20 mEq/L, PaO2 100 mm Hg.  You notice that the patient is receiving IV mannitol.  The Vt is 700 mL, f 16/min, FIO2 40% on A/C volume ventilation.  The nurse asks your recommendation for ventilator changes.  What changes would you recommend?


a. Increase the Vt to 800 mL

b. Decrease the Vt to 500 mL

c. Decrease the f to 12/min

d. maintain current settings

e. Decrease the FIO2 to 30%

J. Example 7

You are ventilating a burn patient in ICU on A/C Volume Ventilation.  The Vt is 1.0 Liters, f 10/min, PaCO2 is 40 mm Hg, pH 7.40, PaO2 89 mm Hg, HCO3- 24 mEq/L. The patient’s spontaneous Vt is 800 mL and f is 15/min.  The patients total 
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 is 22 L/min.  How would you interpret the patient’s condition?  List clinical situations in which CO2 production may be increased? 

 

K. Example 8

You are ventilating a patient on the Servo ventilator with a minute ventilation of 8 L/min.  The pH is 7.23, PaCO2 66 mm Hg, HCO3‑ 32 mEq/L, PaO2 68 mm Hg.  The doctor asks you to correct the pH.  What is the desired level of PaCO2? 

To get to a pH level in the normal range you need an HCO3-: PaCO2 (in mEq/L) ratio of 20:1.  The current ratio is 32:(66*.03) or 32:1.98  or 16.2:1 ratio.  To return to a normal pH (using only the PaCO2, i.e. no change in HCO3-) we need to solve the following ratio: 


32 :( Desired PaCO2 * .03) = 20:1

32/(Desired PaCO2 * .03) = 20/1

20 * (Desired PaCO2 * .03) = 32 * 1

(Desired PaCO2 * .03) = 32/20

(Desired PaCO2 * .03) = 1.6

Desired PaCO2 = 1.6/.03 = 53.3 mm Hg

How would you change the ventilator settings to correct to the new PaCO2 level?

Actual PaCO2
x Actual 
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 = Desired PaCO2 x Desired 
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66 mm Hg x 8 L/min
= 53 mm Hg x Desired 
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528 mm Hg * L/min = 53 mm Hg x Desired 
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L. Example 9

You are ventilating a patient on the servo with a minute ventilation of 12 L/min, PaCO2 24, HCO3- 18, pH 7.50.  How would you change the ventilator (change only the PaCO2) to restore a normal pH?  The first step is to determine the level of PaCO2 desired?

Current ratio is 18/(24*.03) or 18/.72 or 25:1 ratio.

18:(Desired PaCO2 * .03) = 20:1

18/(Desired PaCO2 * .03) = 20/1
20 * (Desired PaCO2 * .03) = 18 * 1

(Desired PaCO2 * .03) = 18/20

(Desired PaCO2 * .03) = 0.9

Desired PaCO2 = 0.9/.03 = 30 mm Hg

How would you change the ventilator settings to correct to the new PaCO2 level?

Actual PaCO2  x Actual 
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 = Desired PaCO2  x Desired 
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24 mm Hg x 12 L/min = 30 mm Hg x Desired 
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288 mm Hg * L/min = 30 mm Hg x Desired 
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